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Abstract. This article investigates whether investing in alternative investment media
provides statistically signiﬁcant increases in portfolio performance. Employing
methodology introduced by Kandel and Stambaugh (1987) and Gibbons, Ross and
Shanken (1989), we measure the statistical signiﬁcance of diversiﬁcation gains for
portfolios containing real and ﬁnancial domestic assets, as well as international debt and
equity issues. The NCREIF real estate series is further examined using the Geltner (1993)
adjustment to the risk measure. In the 1978–93 sample period, neither international
assets nor unadjusted real estate ever result in statistically signiﬁcant increases in
portfolio performance. When the Geltner adjustment is made, the allocation to real estate
is substantially reduced in the expanded portfolio and also fails to result in a statistically
signiﬁcant increase in portfolio performance. These results may help to resolve the
paradox between current portfolio allocations to real estate in practice and those
suggested in the literature.
Introduction
Portfolio theory has as its main tenet that investors should select the best combination
of investment media to either maximize return for a given level of risk or minimize
risk for a given level of return. Since the pioneering work of Markowitz (1952),
portfolio theorists have examined ways of expanding the range of investment types
to be included in wealth portfolios. Early empirical studies examined only
combinations of domestic equities. As technology and reliable data availability began
to improve, the selection of investment types to be considered for portfolio inclusion
expanded signiﬁcantly. These expansions have included domestic, nonequity ﬁnancial
and real assets (including real estate and collectibles) and international ﬁnancial assets.
Scant attention has been given to measuring whether diversifying beyond domestic
real and ﬁnancial assets into alternative investment media actually produces
statistically signiﬁcant gains. Typically, articles along this line of research will note
an increase in a portfolio performance measure (such as the Treynor or Sharpe Index)
without determining whether the increase is statistically signiﬁcant.
Our study attempts to ﬁll this void by setting up common base portfolios and
measuring whether adding alternative investment media (real estate, foreign equities
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and bonds) result in statistically signiﬁcant gains in portfolio performance. Employing
commonly used indices for real estate and domestic and foreign stocks and bonds,
we show that the gains realized may result in higher Sharpe measures, but are not
statistically signiﬁcant. However, marginal increases in portfolio performance, whether
statistically signiﬁcant or not, are certainly welcomed by rational investors. Given the
risks and costs associated with investing internationally, examining the potential
beneﬁts of such a strategy is merited.
Literature Review
The attractiveness of the expansion of investment media considered for inclusion in
investor portfolios is that potential gains may result in risk reduction for a given return
level. The extent of portfolio performance gains from two major asset classes
(international ﬁnancial assets and domestic real estate) is widely debated.
Grubel (1968) was the ﬁrst to demonstrate diversiﬁcation gains from including
international equities in investor portfolios. Madura and Reiff (1985) show constant
return and a 50% reduction in the risk of international equity portfolios when hedged
against currency ﬂuctuations. Fouse (1992) notes that low correlation among
international equities not only bodes well for diversiﬁcation, but presents opportunities
in speciﬁc countries. Bailey and Stulz (1990) caution that the diversiﬁcation gains
possible from investing internationally may be signiﬁcantly overstated because of
measurement errors.
Grinold (1992) uses the methodology of Gibbons, Ross and Shanken (1989) in
examining the ex ante efﬁciency of commonly used Australian (ALLORDS), German
(DAX), Japanese (TOPIX), British (FTA) and domestic (S&P 500) market indices.
The standard against which these indices are compared is a portfolio consisting of
optimal Sharpe measure, unconstrained weightings of the above indices along with
four factors based upon volatility, momentum, size and value. The only one of the
market indices not shown to be signiﬁcantly different from the comparison portfolios
is the DAX. However, it should be noted that the number of observations is different
for each index in the sample, with sixty-seven observations for the DAX being by far
the lowest. As noted in Gibbons, Ross and Shanken, the power of the test tends to
be weak when the ratio of the number of assets chosen to the number of observations
is high. Thus, inferences regarding the DAX index should be viewed cautiously.
The literature on diversifying into international bonds is relatively meager, but still
controversial. Burik and Ennis (1990) show imperceptible gains from the inclusion of
international bonds, while Filatov, Murphy, Rappoport and Church (1991) argue that
statistically signiﬁcant gains are possible when employing a hedging strategy.
Rosenberg (1990) implies statistically signiﬁcant gains by providing a framework for
a global bond portfolio.
Another major asset expansion is into domestic real estate. Ibbotson and Siegel (1983,
1984) have emphasized the importance of including real estate in investment portfoliosMEASURING THE SIGNIFICANCE OF DIVERSIFICATION GAINS 75
through their estimate that real estate comprises over 50% of the United States wealth
portfolio and over one-third of the world wealth portfolio. Several studies have noted
diversiﬁcation gains from the inclusion of real estate in portfolios containing domestic
ﬁnancial assets. Brueggeman, Chen and Thibodeau (1984, 1992) ﬁnd superior
portfolio performance (as measured by the Sharpe measure) from portfolios including
commercial real estate. Webb and Rubens (1986, 1988) create portfolios containing
three ﬁnancial assets and three types of real estate and show that real estate dominates
the mean/variance efﬁcient portfolios. Ross and Zisler (1991) note real estate’s low
correlation with ﬁnancial assets but suggest that the use of appraisal-based real estate
estimates will overstate the percentage of real estate to be included in portfolios. A
summary of the extensive work in this area can be found in Worzola (1992).
This article extends previous research by not only measuring beneﬁts accruing to
portfolio performance through Sharpe’s Performance Index, but applying a test to
determine if those gains are statistically signiﬁcant. The test is based upon the work
of Kandel and Stambaugh (1987) and Gibbons, Ross and Shanken (1989). Further,
because of the problems inherent in using appraisal-based real estate data, we make
an adjustment to the real estate data as suggested by Geltner (1993) and again measure
whether statistically signiﬁcant portfolio peformance gains exist.
Data and Methodology
We construct base portfolios as benchmarks to measure potential portfolio
performance gains. The ﬁrst base portfolio combines investments in either a value-
weighted or an equally-weighted index of NYSE/AMEX/NASDAQ stocks, with
corporate bonds. Returns and yields are from the CRSP Indices ﬁle (1994) and include
both income and appreciation. The second base portfolio includes the above ﬁnancial
assets and commercial real estate returns proxied by the National Council of Real
Estate Investment Fiduciaries (NCREIF) total return index.
Base portfolios are constructed using rules of thumb followed by many professionally
managed funds. For example, base portfolio one consists of 60% equities and 40%
corporate bonds. Base portfolio two consists of 57% equities, 38% corporate bonds
and 5% commercial real estate.
The expanded portfolios are constructed using the Markowitz mean/variance model
with optimal allocations selected choosing the portfolio with the highest Sharpe
measure (excess return per unit of risk). The risk-free rate is an average of the six-
month Treasury bill rate over the time period examined. Summary statistics for the
return indices as well as the base and expanded portfolios are presented in Exhibit 1.
The base portfolios are reasonable representations of assets which a typical investor
would hold before deciding to diversify internationally. That is, individual investors
holding only stocks would diversify their wealth portfolios into other domestic assets,
such as bonds, before attempting to enter the relatively more complex international
equity investment media.76 JOURNAL OF REAL ESTATE RESEARCH
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Exhibit 1
Summary, Quarterly Statistics: 78:1–93:4




NYSE/AMEX/NASDAQ (vw) 3.88 7.95 2.05
NYSE/AMEX/NASDAQ (ew) 4.65 11.40 2.45
Corporate Bonds 2.79 6.36 2.28
NCREIF Index 1.99 2.05 1.03
EAFE Index 4.22 9.95 2.36




Panel B: Base Portfolios
P60/40 (vw) 3.44 6.19 1.80
P60/40 (ew) 3.91 7.73 1.98
P57/38/5 (vw, unadjusted R.E.) 3.37 5.87 1.74
P57/38/5 (ew, unadjusted R.E) 3.81 7.33 1.92
P57/38/5 (vw, adjusted R.E.) 3.37 5.90 1.75
P57/38/5 (ew, adjusted R.E.) 3.81 7.36 1.93
French and Poterba (1991) note that investors tend to shy away from international
equities, holding domestic nonequity ﬁnancial assets before diversifying overseas.
They report that at the end of 1989, U.S. investors held only 6.2% of their assets in
foreign equities and suggest that the reason for this low percentage is difﬁculties in
pricing foreign risk rather than institutional restrictions on foreign investments.
To these base portfolios, we separately add the EAFE1 and World Equity2 indices
from Morgan Stanley Capital International and the Solomon Brothers World
Government Bond Index. These quarterly returns are adjusted for exchange rate
changes, include both income and appreciation and cover the period 78:1 through 93:
4. Thus, possible beneﬁts from active hedging strategies do not fall within the scope
of this study.
The choice of time period examined for the construction of the base portfolio is a
troublesome one. We considered three, with the ﬁrst covering the entire sample period.
Using the entire sample period would tend to skew the results if the ﬁnancial and real
estate series are cointegrated.3 Another method would involve using an out-of-sample
data set that encompasses the years before the availability of reliable data. These
results may be biased given the data limitations and would make such a benchmark
portfolio relatively quixotic. Another benchmark could be constructed using a limited
holdout sample from the years where reliable data availability was a realistic
possibility. Given the limited number of years of reliable real estate data, a relatively
short period would have to be used to create the benchmark portfolio which wouldMEASURING THE SIGNIFICANCE OF DIVERSIFICATION GAINS 77
only serve to exacerbate any time speciﬁcity problems. We chose the ﬁrst method as
it would serve the purpose of the research best by setting up the most conservative
portfolio to use as a benchmark. We investigate whether there are statistically
signiﬁcant differences in Sharpe measures between our benchmark and expanded
portfolios by applying methodology introduced by Kandel and Stambaugh (1987) and
Gibbons, Ross and Shanken (1989). This approach allows us to compare the risk and
return characteristics of a base portfolio and an expanded portfolio where the ﬁrst is
a subset of the second.
Kandel and Stambaugh derive a measure of the correlation between two portfolios in
terms of their respective Sharpe measures. The relationship can be stated as follows:
r(b,e) 5 S(b)/S(e), (1)
where:
r(b,e) 5 Correlation between expanded (e) and base portfolios (b) and
S(z) 5 Sharpe measure of a given portfolio.
This method of computing the correlation between two portfolios has a very clear
intuitive interpretation that is useful in the context of the problem that we wish to
consider. Since the Sharpe measure is deﬁned as units of excess return per unit of
risk, the ratio of Sharpe measures provides a way of evaluating how closely the risk-
return trade-offs in one portfolio resemble those in another.
Gibbons, Ross and Shanken (1989) expand this methodology to provide a formal test
of the following hypothesis:
H0: S(e)i snot different from S(b) at a statistically signiﬁcant level.
This is accomplished by means of the following test statistic, the derivation of which
can be found in Gibbons, Ross and Shanken:
2
2 ˆ Ï1 1 S(e)
W 52 1. (2)
2 ˆ 34 Ï1 1 S(b)
Since this methodology was developed speciﬁcally for the purpose of testing the
efﬁciency of a given portfolio, it is not necessary to assume that the base portfolio
and the expanded portfolio are efﬁcient. Intuitively, if the base portfolio is efﬁcient,
then the expanded portfolio cannot be very different. Under H0 we would expect the
ﬁrst term in Equation (2) to be 1, reﬂecting the similarity in numerator and
denominator, and hence E(W) would be 0. Thus, a statistically signiﬁcant ﬁnding that
W . 0 would imply that the expanded portfolio consistently exhibits mean-variance
performance that is superior to that of the base portfolio.78 JOURNAL OF REAL ESTATE RESEARCH
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Although the test statistic itself is shown to be Wishart distributed, a simple
transformation yields:4
T (T 2 N 2 1)
W , F9 , (3) FG N,(T2N21) N(T 2 2)
with noncentrality parameter:
T 22 l 5 (S(e) 2 S(b) ), (4) FG 2 ˆ 1 1 S(b)
where:
N 5 Number of assets added to the base portfolio and
T 5 Number of time series observations.
Note that under H0, S(e) 5 S(b) and hence l 5 0. Thus, for purposes of testing H0,
we view the transformed W-Statistic as central F distributed. Also, as with any F-
Statistic, N must be low in relation to T for the test to have good discriminatory
power. Our investigation into the power of this test suggests that, with sixty-four
quarterly observations in the time series, we can make reliable inferences regarding
the improvement in portfolio performance when a given base portfolio is combined
with a particular alternative asset. However, we would need considerably more data
to make similar inferences when combining several alternative assets with a given
base portfolio.
Results with Unadjusted Real Estate Data
We compute F-Statistics as described above for the base and expanded portfolios
listed in Exhibits 2. Panel A of Exhibit 2 presents the results of adding commercial
real estate, and international equities and bonds to a base portfolio consisting of
domestic equities and corporate bonds. As stated previously, expanded portfolios are
constructed using the Markowitz mean/variance model with optimal allocations
selected choosing the portfolio with the highest Sharpe measure. It is assumed that
short-sales are not allowed. As can be seen in Panel A, commercial real estate
constitutes a majority of the portfolio. Although the Sharpe measure improves as we
add real estate to the base portfolio, the gains are not statistically signiﬁcant at the
10% level.
For international diversiﬁcation the results are similar. Adding any of the three
international ﬁnancial assets to the base portfolio increases the maximum Sharpe
measure, but not enough to achieve statistical signiﬁcance. This results from the
correlation coefﬁcient between the base and expanded portfolios not being different
from the positive one.
In Panel B we consider the impact of international diversiﬁcation on a base portfolio

















































Quarterly Data from 1978:01 to 1993:04
Comparison
Portfolio Allocation Return (%) Std. Dev. (%) Sharpe Ration Correlation F-Stat. Signif.
Panel A: Gains from Diversiﬁcation Using a Base Portfolio of 60% Stock and 40% Corporate Bonds








P60/40 (vw) 0.67 1.78 6.79 0.26 0.92 0.63 0.43
EAFE Index 0.33
P60/40 (ew) 0.83 2.05 7.60 0.27 0.85 1.54 0.22
EAFE Index 0.17
P60/40 (vw) 0.76 1.60 6.49 0.25 0.98 0.12 0.73
World Index 0.24
P60/40 (ew) 0.71 1.94 7.45 0.26 0.98 0.20 0.66
World Index 0.29
P60/40 (vw) 0.98 1.51 6.25 0.24 1.00 0.00 1.00
International Bonds 0.03
P60/40 (ew) 0.76 1.72 6.65 0.26 0.98 0.15 0.70
International Bonds 0.24
P60/40 (vw) 1.00 1.53 6.32 0.24



















































Quarterly Data from 1978:01 to 1993:04
Comparison
Portfolio Allocation Return (%) Std. Dev. (%) Sharpe Ration Correlation F-Stat. Signif.
Panel B: Gains from Diversiﬁcation Using a Base Portfolio of 57% Stock, 38% Corporate Bonds and 5% Real Estate (Unadjusted)
P57/38/5 (vw) 0.69 1.72 6.53 0.26 0.92 0.61 0.44
EAFE Index 0.31
P57/38/5 (ew) 0.66 2.04 7.47 0.28 0.88 1.04 0.31
EAFE Index 0.44
P57/38/5 (vw) 0.78 1.53 6.22 0.25 0.99 0.11 0.75
World Index 0.22
P57/38/5 (ew) 0.72 1.87 7.21 0.26 0.94 0.51 0.48
World Index 0.28
P57/38/5 (vw) 0.98 1.44 5.93 0.24 1.00 0.00 1.00
International Bonds 0.02
P57/38/5 (ew) 0.77 1.65 6.39 0.26 0.94 0.48 0.49
International Bonds 1.23
P57/38/5 (vw) 1.00 1.46 5.99 0.24
P57/38/5 (ew) 1.00 1.90 7.48 0.25
Notes: The base portfolio in Panel A consists of a 60% investment in a value-weighted (vw) or an equally-weighted (ew) index of NYSE, AMEX and
NASDAQ stocks and a 40% investment in an index of corporate bonds. Portfolio returns are net of T-bill returns. The base portfolio in Panel B
consists of a 57% investment in vw or ew index of NYSE, AMEX and NASDAQ stocks, a 38% investment in an index of corporate bonds and a 5%
investment in the NCREIF Index (unadjusted). Portfolio returns are net of T-bill returns.MEASURING THE SIGNIFICANCE OF DIVERSIFICATION GAINS 81
Exhibit 3
























Unadj. R.E. 20.07 20.04 20.22 1.00
(20.6) (20.4) (21.8)
EAFE Stocks 0.59 0.46 0.34 0.03 1.00
(5.7) (4.1) (2.8) (0.3)
World Stocks 0.83 0.65 0.40 20.01 0.93 1.00
(11.7) (6.8) (3.4) (20.1) (19.2)
Int’l. Bonds 0.28 0.09 0.82 20.19 0.56 0.50 1.00
(2.3) (0.7) (11.3) (21.5) (5.4) (4.6)
Note: Correlation coefﬁcients with t-Statistics in parentheses testing H0 that correlation coefﬁcient
equals zero.
stocks, 38% in corporate bonds and 5% in commercial real estate. Essentially the
same results are revealed as none of the international ﬁnancial instruments
signiﬁcantly improves portfolio performance.
This alternative base portfolio is considered as comparatively more investors include
real estate in their wealth portfolios than international stocks and bonds. Although the
Sharpe measure increases, there is no statistically signiﬁcant improvement in portfolio
performance. It is interesting to note that even including over 40% of investor wealth
in EAFE stocks did not result in a statistically signiﬁcant increase in the return per
unit of risk.
Further support for this ﬁnding is provided by the correlation matrix presented in
Exhibit 3. With the exception of the equally weighted stock index and bonds, only
the correlation coefﬁcients involving the real estate series are substantively different
from one. Stated alternatively, none of the returns of the international ﬁnancial assets
move in a fashion that is signiﬁcantly different from the returns of the domestic
ﬁnancial assets. As such, results showing a lack of portfolio performance gains
involving the international assets are not unexpected.
Results with Adjusted Real Estate Data
The preceding results call into question the performance beneﬁts of adding either real
estate or international stocks and bonds to investors’ portfolios. It could be alleged
that our ﬁndings even overstate the portfolio performance beneﬁts of real estate due82 JOURNAL OF REAL ESTATE RESEARCH
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to appraisal-induced biases in the risk-return characteristics of the real estate series.
These biases have been thoroughly discussed by many authors including Quan and
Quigley (1989), Geltner (1991, 1993) and Giaccotto and Clapp (1992) and result in
estimated volatilities which are substantially less than the true volatilities.
We follow the approach developed by Geltner (1993) to correct for bias in the
appraisal based data. This approach is different from that of Ross and Zisler (1991)
in that it does not assume that the true underlying series is efﬁciently priced. In other
words, it does not assume that the true return series is uncorrelated or unpredictable
across time. Along with temporal aggregation, the method also corrects for appraisal
smoothing and seasonality of reappraisals. Appraisals are frequently performed by the
same individuals over and over again. It is generally accepted by practitioners that,
as a result of institutional incentives, there is a tendency for appraisers to only partially
adjust property values over time. This tendency results in smoothing of the index. In
addition, most properties included in the index are valued by outside appraisers only
once a year. For the other three quarters, inside appraisers generally make little
adjustment to property values. Thus, if more properties are appraised by outsiders in
a particular quarter of the year, apparent seasonality is introduced into the data.
These potential sources of bias would tend to make real estate appear to exhibit more
return per unit of risk than is actually true. Thus, particularly in the case where real
estate is included in the base portfolio, this phenomenon could cause us to accept H0
when in fact it is false (i.e., a Type II error). In an effort to address these issues, we
repeat the foregoing analysis after adjusting the return of the real estate series in the
manner derived by Geltner (1993) as follows:
r** 2 (1 2 a)r** tt 21 U r 5 , (5) t a
where is the underlying market return, is the publicly reported index return U rr ** tt
and a is the parameter value that minimizes the difference between the transfer
coefﬁcients. Geltner estimates the value of a to be .40. This is the value that we use
to convert annual appraisal returns to market returns. Using the adjusted data, we
estimate the variance of the series and the covariances of the series with each of the
other investment media. The standard deviation of the annual adjusted series is
approximately 10%, an increase by a factor of 1.39.
The results are presented in Exhibit 4. The top part of Exhibit 4 assumes a base
portfolio with ﬁnancial assets and with adjusted real estate added as part of the
extended portfolio, and the bottom part of Exhibit 4 assumes that the base portfolio
includes the ﬁnancial assets and the adjusted real estate with international stocks or
bonds added as part of the extended portfolios.
Exhibit 4 reveals that this adjustment process substantially reduces the perceived risk-
return attractiveness of real estate. Allocations to real estate drop from 58% to 24%

















































Diversiﬁcation Gains Using Real Estate Returns Adjusted with the Geltner Adjustment
Quarterly Data from 1978:01–1993:04
Comparison
Portfolio Allocation Return (%) Std. Dev. (%) Sharpe Ration Correlation F-Stat. Signif.
P60/40 (vw) 0.76 1.20 4.59 0.26 0.92 0.61 0.44
Real Estate 0.24
P60/40 (ew) 0.89 1.79 7.00 0.26 0.99 0.06 0.80
Real Estate 0.11
P57/38/5 (vw) 0.59 1.78 7.24 0.25 0.91 0.67 0.42
EAFE Index 0.41
P57/38/5 (ew) 0.53 2.07 7.97 0.26 0.86 1.10 0.30
EAFE Index 0.47
P57/38/5 (vw) 0.58 1.59 6.82 0.23 0.96 0.27 0.61
World Index 0.43
P57/38/5 (ew) 0.49 1.83 7.56 0.24 0.92 0.58 0.42
World Index 0.51
P57/38/5 (vw) 1.00 1.44 6.43 0.22 1.00 0.00 1.00
International Bonds 0.00
P57/38/5 (ew) 0.67 1.52 6.62 0.23 0.96 0.23 0.63
International Bonds 0.33
P57/38/5 (vw) 1.00 1.42 6.38 0.22
P57/38/5 (ew) 1.00 1.86 8.37 0.22
Notes: The base portfolio either consists of 60% in a value-weighted (vw) or an equally-weighted (ew) index of NYSE, AMEX and NASDAQ stocks
and 40% in Corporate Bonds, or 57% stocks, 38% Corporate Bonds and a 5% investment in the Geltner adjusted NCREIF Index. Returns and standard
deviations are net of T-bill returns.84 JOURNAL OF REAL ESTATE RESEARCH
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portfolio with equally-weighted stock. Since correlation is either lower for the adjusted
real estate series (with P60/40vw), or equal (with P60/40ew), this allocation reduction
is attributable to the increased volatility of the real estate series after the Geltner
adjustment. Using adjusted real estate in the base portfolios seems to make
international diversiﬁcation more attractive. Allocations to EAFE stocks and world
stocks are much higher for both the base portfolio with value-weighted stocks and
the one with equally-weighted stocks. Again, however, improvements in Sharpe ratios
are statistically insigniﬁcant.
Conclusions and Implications
This article shows that investors should be wary of marginal increases in performance
promised from the inclusion of alternative investment media. Although even marginal
increases in return are welcomed by any rational investor, the ﬁndings indicate that
allocating funds to real and international assets does not result in statistically
signiﬁcant gains. In other words, adding such assets may result in additional returns,
but the addition may not improve mean-variance portfolio performance.
Another signiﬁcant ﬁnding concerns the results of previous studies that called for
large allocations of real estate in optimal portfolios. Results of this article call those
conclusions to task. As noted by Geltner, the riskiness of real estate is severely
understated due to the use of appraisal-based data. Our ﬁndings extend this work by
noting that its inclusion results in a statistically insigniﬁcant improvement in portfolio
performance. This may help to explain why practicing institutional portfolio managers
ﬁnd it expedient to hold minimal amounts of real estate, while much academic
research calls for large allocations.
This, of course, does not mean that mean-variance superior performance by
international funds or real estate funds are not possible or that the performance of
these media cannot be improved upon through active management employing
techniques such as currency hedging on an international bond portfolio.5 There are
unique risks associated with these assets, such as liquidity and marketability risk for
real estate and political risk associated with international investments. Results here
indicate that even without considering these risks, (or, for that matter, the taxes and
transaction costs associated with these alternative assets), investing in such seemingly
attractive instruments may simply not be worth the effort.
Notes
1 The EAFE index includes stock markets from the following: Australia, Austria, Belgium,
Denmark, Finland, France, Germany, Hong Kong, Ireland, Italy, Japan, Malaysia, Netherlands,
New Zealand, Norway, Singapore, Spain, Sweden, Switzerland and the United Kingdom.
2 The World Index adds the stock markets of Canada and the U.S. to those of the EAFE.
3 We examined the stationarity of all the individual series, and that of the six base portfolios.
Using the augmented Dickey-Fuller test, all non-real estate series were found to be stationary
at the 0.001 signiﬁcance level. Nonstationarities in monthly stock returns reported by Pagan
and Schwert (1990) were primarily due to high volatility during the Great Depression, whichMEASURING THE SIGNIFICANCE OF DIVERSIFICATION GAINS 85
does not affect our sample period. We found that the real estate series employed were stationary
at the 0.05 signiﬁcance level. Thus, this source of potential portfolio selection bias is not a
matter for concern during our sample period.
4 Note that since increasing the selection of assets never hurts the mean-variance efﬁciency of
a portfolio, S(e) will always be greater than or equal to S(b). Thus, W must always be greater
than or equal to 0.
5 Our data contains unhedged currency risk. Therefore, to the extent that the mean-variance
performance of international investment portfolios can be improved through hedging, our results
tend to understate the beneﬁts of international diversiﬁcation.
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